The aim of this research is to identify the mineralization origin and the understanding of water flow between neighboring aquifer systems in the arid region: the Jeffara of Medenine (South Tunisia). This aquifer system is characterized by the presence of a faults network in stairs leading to hydrogeological relays and the configuration from unconfined to confined aquifer from west to east.
INTRODUCTION
Facing agriculture and urban water demand increases, managers make efforts to supply water from different sources. In arid regions, aquifers are the water sources mainly used for irrigation as well for drinking needs.
The geology complexity coupled with spatial-temporal hydrological variability and hydrodynamic flow uncertainties make it difficult to understand aquifers' water balances and the interactions within a hydrological system. Survey studies were conducted in various arid regions to characterize aquifer systems for modeling, management and planning purposes. Two major fault families would be involved in this subdivision:
• A network of faults with a NW-SE direction composed of the Beni Ghzaiel, Metameur, Tejra, Grouz, Medenine, Koutine, Jorf, Sidi Maklouf and El Fje faults ( Figure 1 ).
• A network of orthogonal faults to the last cited network oriented NE-SW composed of the Permian North faults, Kef El Anba, El Guattar and El Lehjer-Harboub faults.
Only two aquifers (TSE and ZK), which represent part of our study area, are largely solicited by the National Company of Drinking Water Supply (SONEDE) as well as industrialists and farmers (Yahyaoui et al. ) .
Since the Tunisian revolution in 2011, the Jeffara aquifer system has experienced significant pumping increase due to the drilling of illegal wells, given the low depths of the water The main objectives of this research are to study the relations between the various aquifer levels mentioned above by integrating major and minor ion geochemistry with isotopic data.
Isotopic tools are used to identify the hydrochemical processes occurring between water and reservoir. They are also used to provide precise information about the interconnection between different aquifers that constitute the entire groundwater system of the Medenine region.
STUDY AREA PRESENTATION
The study area is located in South-Eastern Tunisia, where The prevailing winds come from the NW. In winter, these winds are cold and dry while during summer winds are very hot (Sirocco). Winds from the east and NE are usually accompanied by irregular rainfalls, which may be very violent.
The combined effect of high temperature, irregular and torrential precipitation and dry winds promotes very high evapotranspiration, which can reach 20 times the values of precipitation in very dry years (Hamzaoui et al. ).
The Sahel El Ababsa aquifer
The Sahel El Ababsa groundwater was first recognized in the 1960s and delimited laterally by:
• The eastern foothills of the Dahar in the south-west and west where the sandy Triassic is the outcrop (Figure 3 ).
• The periclinal closure of the Jeffara dome to the northwest, which corresponds to outcrops formed by Permian reef limestones.
• The Sahel El Ababsa is a multi-layered aquifer consisting of two levels:
• The upper sandy-dominated level is captured in the Medenine-Bir Lahmar, El Mzar region, Guelib Lemsene and in the El Ababsa North plain.
• The lower level, which is the most clayey and constitutes a thick cover, does not allow direct recharge of the water table.
The TSE is unconfined in the west part of the study area and it changes configuration to a confined aquifer in the east (Figure 4 ).
The Zeuss Koutine aquifer (ZK)
This aquifer covers an area of 537 km 2 , in the west of the Tejra Mountains. The Jurassic ZK is considered as an unconfined aquifer because it is covered by a low PQ cover not exceeding 10 m (not shown in Figure 2 ). In the east of the Tejra relief, the Jurassic ZK aquifer becomes more and 
Plio-Quaternary aquifer
This aquifer forms a thick conglomerate deposit arranged in terraces on the banks of the wadis. These deposits result from the dismantling of the existing structures during the long phases of erosion and relief shaping. The groundwater recharge is manifested through direct infiltration of rainwater and runoff in the wadis.
MATERIALS AND METHODS
To reach the objective of this research, the proposed methodology is based on hydrogeological, chemical and isotopic field survey, organized as follows.
Hydrogeological survey
A first piezometric campaign was carried out in September The two surveys were carried out very closely to make the potentiometric map as plausible as possible while recording the levels of the water table almost simultaneously throughout the study area.
Chemical survey
Chemical analyses of the major elements (Table 1) The temperature, pH and electrical conductivity (EC)
were measured in situ using a sympHony SP80PC portable instrument. Accuracy was ±0.1 C for temperature, ±0.05
for pH and 1% for EC.
Samples for major ion analyses were filtered (using 0.45 μm filters) and stored in polyethylene containers. 
and the typical criteria for acceptance are as mentioned in 
where R is the isotopic ratio of the heaviest isotope over the 
RESULTS AND DISCUSSION

Piezometric framework
The compartments shown in the potentiometric map 
There is a hydraulic continuity between the TSE and the 
Geochemistry and isotopy
Physico-chemical data and water facies
The EC of the groundwater was very heterogeneous and varied from 817 μS/cm to 9,165 μS/cm. The lowest conductivity values were recorded in wells and boreholes tapping the Triassic sandstone in the foothills of the Dahar Mountain, which corresponds to the main recharge zone of the aquifer 
Contributions of major elements and saturation indices
The continuing decline in the piezometric head of the aquifer system, due to overexploitation in the Jeffara of Medenine to supply mainly potable water and greenhouse crops, has largely contributed to water quality deterioration through the formation of a crust, in most cases gypsum, mainly in old dry springs and the majority of irrigated perimeters.
The main sulphated salts associated with these crusts are gypsum (CaSO 4 .2H 2 O), anhydrite (CaSO 4 ), epsomite (MgSO 4 7H 2 O), burkeite (Na 2 CO 3 .2Na 2 SO 4 ), thenardite (Na 2 SO 4 ) and mirabilite (Na 2 SO 4 , 10H 2 O). Halite (NaCl) and magnesium chloride (Mg Cl 2 ) are the main chloride salts (Kamel et al. ) .
The dissolution of this crust by the return flow irrigation of pumped water from the sandstones of the TSE and ZK and by rainy events may be the principal cause of water salinity. Water saturation indices calculated for the aquifer system show that they are largely undersaturated with respect to halite, thenardite, mirabilite and to a lesser extent with respect to gypsum and anhydrite, indicating a possible dissolution of these salts (Table 4) shows a calcium deficiency to the detriment of sulphates.
These same results are confirmed by the Pearson coefficient of determination (Table 3) This deficiency in the aquifer system can be interpreted by calcium precipitation according to two probable mechanisms: (i) the replacement of evaporites with carbonates generated by bacterial reduction of sulphates, a hypothesis based on 13 C concentrations reinforcing the organic origin of carbonates (Henchiri & Slim-S'himi ) ; and (ii) dedolomitization of calcite: since almost all the samples were saturated with calcite ( Figure 9 ), dolomite (Table 4) and gypsum and anhydrite (Figure 9 ), the dissolution of the anhydrite continues and the concentrations of Ca 
On the other hand, cation exchanges can generate a calcium deficit to the detriment of sulphates. The evidence of these exchanges is highlighted by the correlation (Ca þ 
47))
. Figure 12 shows three groups.
• The first group formed exclusively from samples collected in the PQ aquifer and aligned in a line whose slope is less • The second group is constituted exclusively of waters of the Miocene with an estimate of an isotopic signal of the original rains of their recharge evaluated to À7.3 δ
18
O.
• The third group consists of the different water sampled in the aquifer system of the Jeffara of Medenine with an estimate of an isotopic signal evaluated between À6.5 and À4.5 δ This is confirmed by the position of these same samples in Figure 13 , highlighting the low depth of capture of these samples (less than 100 m depth) and displaying isotopic concentrations close to the local rainfall signal. 
